A total of 192 hybridomas were developed from mice immunized with Rickettsiajaponica, a newly identified spotted fever group rickettsia pathogenic for humans. Of these hybridomas, 101 were species specific, 37 were spotted fever group reactive, and the other 54 were also reactive with one or more of the other pathogenic species of spotted fever group rickettsiae, Rickettsia akari, Rickettsia australis, Rickettsia conorii, Rickettsia rickettsùi, and Rickettsia sibirica. Seven of the species-specific monoclonal antibodies were characterized. These monoclonal antibodies all belong to the immunoglobulin G class and react with all five strains of R. japonica at the same immunofluorescence titers, indicating that the five strains all belong to a single species. The species-specific epitopes reactive with these monoclonal antibodies are located on the surface proteins of the organisms demonstrated as 145-and 120-kilodalton bands on Western immunoblots. These two antigenic bands were shown to be proteins, because treatment with proteinase K completely destroyed the reactivity of the bands with the monoclonal antibodies.
The spotted fever group (SFG) of the genus Rickettsia has been shown to comprise the following five species of pathogenic intracellular bacteria: Rickettsia rickettsii (Rocky Mountain spotted fever), Rickettsia conorii (boutonneuse fever), Rickettsia sibirica (north Asian tick typhus), Rickettsia australis (Queensland tick typhus), and Rickettsia akari (rickettsialpox) (18, 19) . These species of SFG rickettsiae occur in geographically distinct regions separated for the most part by natural boundaries of the earth (8) .
Until 1984, there had been no report of SFG rickettsiosis in Japan, where tsutsugamushi disease (or scrub typhus) had been recognized as a major rickettsial infection (12) . The causative agents of a newly recognized disease were isolated from patients with febrile exanthematous illness on Shikoku, one of the main islands of Japan (13, 14) . The organisms had ultrastructures characteristic of SFG rickettsiae (16) . Recently, we identified these organisms as being a new species of SFG rickettsia (15) . The analysis was carried out by reciprocal cross-reactions of mouse polyclonal antibodies (PAbs) to strains of the Japanese isolates and SFG rickettsiae by the method of Philip et al. (11) . The results demonstrated that five Japanese strains isolated from different patients belong to a single species distinct from any SFG rickettsiae known to be pathogenic to humans. In addition, we demonstrated that none of the Japanese isolates reacted with mouse monoclonal antibodies (MAbs) that are species specific for R. conorii, R. rickettsii, R. sibirica, and R. akari (7, 9, 15) . We proposed the taxonomic name Rickettsia japonica sp. nov. for the new species that differs from other previously known pathogenic rickettsiae of the SFG (15) .
In this report, we describe that MAbs directed to epitopes on the surface proteins of strain YH of R. japonica reacted with all Japanese strains tested but not with standard strains of other pathogenic SFG rickettsial species, supporting the conclusion that R. japonica is a new species of SFG rickettsia.
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MATERIALS AND METHODS
Rickettsial strains. Five Japanese strains of SFG rickettsiae, YH, NT, NK, YKI, and TKN, established persistent infections of Vero cells (VC) (13, 14) . A total of 6 to 15 passages were performed before the strains were used. As reference strains of SFG rickettsiae pathogenic to humans, the following strains were employed: R. akari, Kaplan strain (149 passages in VC and 2 passages in chicken embryo [CE] Micro-IF assay. Micro-IF was performed by the method described previously (15) . The culture supernatant fluids of the hybridomas were tested for antibody titers with fluorescein isothiocyanate-conjugated anti-mouse IgG antibody.
Antigens used for micro-IF were prepared from VC persistently infected with R.japonica YH, NT, NK, YKI, or TKN and VC heavily infected with other pathogenic SFG rickettsiae. In order to detect surface antigens of R. japonica, unfixed rickettsiae purified by Renografin density gradient centrifugation were used as antigens.
Immunoelectron microscopy. Immunoelectron microscopy was performed by using colloidal gold-conjugated protein A according to the procedure described previously (7). Renografin-purified R. japonica (strain YH) cells placed on Formvar-coated nickel grids were reacted with MAbs followed by reaction with colloidal gold-labeled protein A (Janssen Life Sciences Products, West Chester, Pa. rickettsia, and R. sibirica) all showed negative reactions.
antibody titers as the homologous strain (Table 1) . On the other hand, these MAbs showed no reaction with the other SFG rickettsiae pathogenic to humans. The MAbs all belong to either the IgG2a or the IgG2b subclass (Table 1) .
Surface localization of species-specific epitopes. When R. japonica was reacted with MAb 2Y1-D4, the presence of gold particles was demonstrated on the surfaces of the organisms (Fig. 1A) . Reactions with the other MAbs (3Y3-A8, 3Y3-B5, 3Y6-C1, 3Y7-C9, 3Y7-H6, and 3Y10-D1) showed similar features (data not shown). On the other hand, a species-specific MAb to R. rickettsii (F3-30) showed no surface gold binding when reacted with R. japonica (Fig.  1B) . Immunofluorescence of unfixed R. japonica also showed surface fluorescence with these MAbs but not with F3-30 (data not shown).
SDS-polyacrylamide gel electrophoresis. Figure 2 shows the Coomassie brilliant blue-staining profile of R. japonica electrophoresed on an SDS-polyacrylamide gel. antigens of the 145-kDa band (Fig. 3, lane 1) and the 120-kDa band (Fig. 3, lanes 2 through 7) . These two bands were also revealed to be predominant by using PAbs to R. japonica (Fig. 3, lane 8) . Some minor bands were also observed to react with MAbs. Furthermore, when the antigens were treated with proteinase K, no bands were observed by using the MAbs in Western immunoblots (Fig. 3, lanes 9 through  15) . PAbs also demonstrated a ladder of antigens with molecular sizes smaller than 42 kDa which remained reactive after protease treatment (Fig. 3, lane 16) .
DISCUSSION
MAbs to rickettsial antigens have been utilized to analyze epitopes for species specificity and cross-reactivity (2, 3, 7, 9) . It has been shown that a number of shared and unique epitopes are present on surface proteins of rickettsiae (1, 3, 4, 7) and that lipopolysaccharidelike antigens contain the common epitopes which define the SFG (1, 3) . The MAbs react with ail strains of R. japonica at the same immunofluorescent-antibody titers as does the homologous strain but do not react with other pathogenic species of SFG rickettsiae. Thus, these MAbs recognize species-specific epitopes of R. japonica which are present on all five Japanese isolates. These results confirm that these Japanese strains belong to a single species, as was demonstrated by reciprocal cross-reactions with mouse PAbs (15) . All of these species-specific MAbs recognize epitopes present on the surface of R. japonica. The species-specific epitopes corresponding to these MAbs were shown to be located predominantly on the antigens of the 145-and 120-kDa bands on Western immunoblots. The antigen migrating at a molecular size of 120 kDa was the major band among polypeptides with a molecular size greater than 100 kDa. Some minor bands also reacted weakly with the MAbs. These antigens may share amino acid sequences with the major polypeptides. This issue is currently being investigated. Furthermore, the two major antigenic bands were shown to be proteins, because treatment with proteinase K completely destroyed the reactivity of these bands with the MAbs. This result corresponds to the findings with species-specific epitopes of R. conorii and R. rickettsii (7) . As was reported by Anacker et al. (1) and Feng et al. (4) , the ladderlike profile of antigens demonstrated by Western immunoblotting with PAbs to R. japonica after treatment with proteinase K is suggestive of lipopolysaccharide molecules.
SFG rickettsial infections in Japan have occurred mainly along the Pacific coast of the islands of Shikoku, Kyushu, and Honshu (5, (12) (13) (14) 20) . Until now, there had been no reported isolation of R. japonica outside Japan. The recent isolates of SFG rickettsiae in northwestern and northeastern China, the nearest regions where SFG rickettsial organisms have been isolated from humans, were identified as R. sibirica (17) . Surveys of SFG rickettsiosis should be performed in southeastern Asia, since no human isolates of SFG rickettsiae have been reported from the biogeographic Oriental region, except from Japan (5, 8, 13, 14, 20) . Also, the vector of R. japonica has yet to be identified. A set of MAbs to R. japonica will provide a powerful tool to identify etiologic agents isolated in ecologic studies. We are grateful to Julie W. Wen for her skillful technical assistance in electron microscopy.
